Sustained activation of the extracellular signal-regulated kinase pathway protects cells from photofrin-mediated photodynamic therapy.
Photodynamic therapy (PDT) is a cancer therapy in which a photosensitizer selectively accumulates in tumor cells and is subsequently activated by light of a specific wavelength. The activation of the photosensitizer leads to cytotoxic photoproducts that result in tumor regression. PDT can lead to several cellular responses including cell cycle arrest, necrosis, and apoptosis, as well as trigger many signaling pathways. It has been suggested that extracellular signal-activated protein kinases (ERKs), one subfamily of mitogen-activated protein kinases, play a crucial role in the cellular response to radiation therapy and chemotherapy. However, the role of ERKs in the cell survival after PDT is less clear. We have examined the response of the extracellular signal-regulated kinase ERK1/2 in PDT-resistant (LFS087) and PDT-sensitive (GM38A) cells after Photofrin-mediated PDT. ERK1/2 activity was induced rapidly in both cell types after PDT. The PDT-induced ERK1/2 activity was transient in GM38A cells and by 3 h had returned to a level significant lower than basal levels, whereas the induction of ERK1/2 was sustained in LFS087 cells and lasted for at least 11 h. Blocking of the sustained ERK activity with PD98059, an inhibitor of mitogen-activated protein/ERK kinase, significantly decreased cell survival of LFS087 after PDT. PDT also induced the expression of mitogen-activated protein kinase phosphatase, MKP-1, but reduced Raf-1 protein levels in both cell types. In GM38A cells, the substantially induced levels of MKP-1 correlated with the transient activation of ERK1/2 by PDT, and both basal and induced levels of MKP-1 were substantially greater in GM38 compared with Li Fraumeni syndrome cells. These observations suggest that sustained ERK1/2 activation protects cells from Photofrin-mediated phototoxicity and that the duration of ERK1/2 activation is regulated by MKP-1. In addition, the activation of ERK1/2 by Photofrin-mediated PDT is Raf-1 independent.